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The Electrophysiology of Mechanosensitive Channels in Pseudomonas
aeruginosa
Ugur Cetiner, Sergei Sukharev, Ian Donald Rowe, Christina Mayhew,
Andriy Anishkin.
Department of Biology, University of Maryland, College Park, MD, USA.
Pseudomonas aeruginosa is an opportunistic pathogen that causes infections
mainly in immuno-compromised organisms and is characterized with excep-
tional adaptability to a broad range of habitats, from soil and freshwater to med-
ical equipment and mammalian tissues. Part of its adaptive potential is the
ability to adjust its turgor pressure under conditions of drastically varied osmo-
larity. The osmolyte release system in this Gram-negative bacterium, like in
E. coli, comprises the high-threshold tension-activated channel MscL and six
channels from the MscS family. In the present work we have developed the
giant spheroplast system for direct patch-clamp recording from the cytoplasmic
membrane of P. aeruginosa and characterized mechanoelectrical responses in
the wild-type strain (PA14) using pressure protocols, revealing a complex
adaptive behavior involving several channel species. We have cloned and func-
tionally characterized PaMscL (137 aa) and twoMscS-like channels, PaMscS-1
(278 aa) and PaMscS-2 (283 aa) expressed in E. coli giant spheroplasts. The
~2 nS PaMscL exhibited short open dwell times and was found non-
selective. Both PaMscS-1 (~1 nS) and PaMscS-2 (~0.5 nS) have a slight anionic
preference with similar pressure midpoint ratios P0.5 MscS/ P0.5 MscL of ~0.5.
Under a standard 10 s pressure-step protocol, PaMscS-1 displays a 30%
tension-dependent inactivation, whereas PaMscS-2 under similar conditions
shows a 60% inactivation, with extremely slow (5-10 min) recovery. Sequence
analysis and homology models reveal all components necessary for inactivation
conserved between P. aeruginosa and E. coli MscS. PaMscL and PaMscS-1
perfectly rescue an MS channel-free E. coli strain (MJF465) from abrupt
osmotic shock, whereas PaMscS-2 does not, possibly due to lower conductance
and expression level. The electrophysiology of P. aeruginosa gives a better
understanding of the components and mechanisms of environmental stability
of this opportunistic pathogen easily changing its habitats.
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The N-Terminal Domain of Bacterial Mechanosensitive MscL Acts as a
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Yasuyuki Sawada1, Masahiro Sokabe2.
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The bacterial mechanosensitive channel MscL is constituted of homopentamer
of a subunit with two transmembrane inner and outer (TM1, TM2) a-helices,
and its 3D structure of the closed state has been resolved. The major issue of
MscL is to understand the gating mechanism driven by tension in the mem-
brane. To address this question, molecular dynamics (MD) studies have been
performed, however, as they do not include MscL-lipid interactions, it remains
unclear which amino acids sense membrane tension and how the sensed force
induces channel opening. Thus we performed MD simulations for the opening
of MscL embedded in the lipid bilayer. Among amino acids in TM2 facing the
bilayer, Phe78 showed exceptionally strong interaction with lipids. Upon mem-
brane stretch, Phe78 was dragged by lipids, leading to an opening of MscL.
Thus Phe78 was concluded to be the major tension sensor. Neighboring
TM1s cross and interact with each other near the cytoplasmic side through hy-
drophobic interaction between Leu19-Val23 in one TM1 and Gly22 in the
neighboring TM1, forming the most constricted hydrophobic part of the pore
called gate. Upon membrane stretch, the helices are dragged by lipids at
Phe78 and tilted, accompanied by the outward sliding of the crossings, leading
to expanding of the gate. In this study, we newly modeled the Eco-MscL with
the N-terminal (S1) helices running parallel to the cytoplasmic membrane
instead of forming the tight bundle proposed previously and determined the
role of the S1 helices in channel opening. As a result, the newly modeled
MscL opened faster than the previous one. Furthermore, some amino acids
in the S1 interact with lipids rigidly, suggesting that the S1 acts as a mechano-
sensor to transmit force for accelerating the gate opening.
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Inner-ear mechanotransduction relies on tip links, fine protein filaments made of
cadherin-23 and protocadherin-15 that convey tension to mechanosensitive
channels at the tips of hair-cell stereocilia. The tip-link cadherins are thought
to form a heterotetrameric complex, with two cadherin-23 molecules formingthe upper part of the filament and two protocadherin-15 molecules forming the
lower end. The interaction between cadherin-23 and protocadherin-15 is medi-
ated by their N-terminal tips. Missense mutations that modify the interaction
interface impair binding and lead to deafness. Molecular dynamics simulations
predict that the tip-link bond is mechanically strong enough to withstand forces
in hair cells, but its experimentally determined strength is unknown. We have
developed molecular tools to facilitate single-molecule force spectroscopy on
the tip link bond. Self-assembling DNA nanoswitches are functionalized with
the interacting tips of cadherin-23 and protocadherin-15 using the enzyme sor-
tase under conditions that preserve protein function. These tip link nanoswitches
are designed to provide a signature force-extension profile.Thismolecular signa-
ture allows us to identify single-molecule rupture events in pulling experiments.
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Store operated Ca2þ entry (SOCE) plays a crucial physiological roles and in-
volves two key proteins, STIM and Orai. Triggered by store-depletion, ER
STIM proteins aggregate at ER-PM junctions and directly activate PM Orai
Ca2þ channels. Few SOCE inhibitors have been described that specifically target
the STIM/Orai machinery. Recently, we revealed a previously described SOCE
modifier, DPB162-AE, potently and specifically blocks STIM1-induced Orai1
channel activation. We narrowed the DPB162-AE site of action to the STIM-
Orai activating region (SOAR) of STIM1. DPB162-AE does not affect SOAR-
dimerization nor does it prevent the SOAR-Orai1 interaction. However, it
potently blocks SOAR-mediated Orai1 channel activation, yet its action is not
as an Orai1 channel pore blocker. Using the SOAR-F394H mutant which pre-
vents both physical and functional coupling to Orai1, we reveal DPB162-AE
rapidly restores Orai-binding of this SOAR mutant but only slowly restores its
activation of Orai1 channel-mediated Ca2þ entry. With the same SOARmutant,
2-APB induces rapid physical and functional coupling to Orai1, but channel acti-
vation is transient. In STIM2, the equivalent residue to Phe-394 is Leu-485 result-
ing in STIM2’s lower efficacy for Orai channel activation. This difference may
explain the unusual specificity of DPB162-AE in blocking the action of STIM1
but not STIM2. We infer that the actions of both 2-APB and DPB162-AE are
directed toward the STIM1-Orai1 coupling interface. Compared to 2-APB,
DPB162-AE is a much more potent and specific STIM1/Orai1 functional uncou-
pler.DPB162-AEprovides an important pharmacological tool anda usefulmech-
anistic probe for the function and coupling between STIM1 and Orai1 channels.
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The endoplasmic reticulum calcium sensors STIM1 and STIM2 are key mod-
ulators of store-operated calcium entry. They play a major role in physiological
functions in the norm and pathology, however, available data on native STIM2-
regulated plasma membrane channels are scarce: it is in only a few studies that
STIM2-induced CRAC currents have been recorded. The STIM1 protein has
been shown to regulate not only CRAC but also TRPC channels, but it has re-
mained unclear whether STIM2 is capable of regulating store-operated non-
CRAC channels. Here we present experimental evidence for the existence of
endogenous non-CRAC STIM2-regulated channels. In single-channel patch-
clamp experiments on HEK293 cells, store-operated Imin channels were
induced by selective activation of native STIM2 proteins or STIM2 overexpres-
sion. It was found that STIM1 activation blocked store-operated mode of Imin
activation. Changes in the ratio between active STIM2 and STIM1 proteins
could switch Imin channels regulation between store-operated and store-
independent modes.
We have previously characterized electrophysiological properties of different
Ca2þ influx channels coexisting in HEK293 cells. The results of this study
show that STIM1 and STIM2 differ in the ability to activate these store-
operated channels: Imin channels are regulated by STIM2, TRPC3-
containing INS channels are induced by STIM1, and TRPC1-composed Imax
566a Wednesday, February 11, 2015channels are activated by both STIM1 and STIM2. These new data about cross-
talk between STIM1 and STIM2 and their different roles in store-operated
channel activation are indicative of an additional level in the regulation of
store-operated calcium entry pathways.
This study was supported by the Russian Scientific Foundation 14-14-00720 (to
E.K. and A.S.); the program ‘‘Molecular and Cellular Biology’’ of the RAS (to
G.N.M and L.G.); the Scientific School Support Program SS-1721.2014.4
(to G.N.M.); the Dynasty Foundation; and the Russian Foundation for Basic
Research.
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Store-operated Ca2þ entry (SOCE) provides local and global Ca2þ signals that
regulate numerous cellular functions. The stromal interaction proteins STIMs)
reside within the ER and function as sensors of the ER-[Ca2þ]. STIM1 and
STIM2 share a high sequence identity and yet, both have different functions
in the store-operated calcium entry (SOCE) pathway. Following ER-Ca2þ store
depletion STIM1 aggregates and translocates to the ER-plasmamembrane (ER-
PM) junctional regions where it binds to and gates plasma membrane Orai1.
STIM2 also clusters in response to stimulation but is a relatively weak activator
of Orai1. In the present study, we investigated the role of STIM2 in SOCE and
show that loss of STIM2 decreases the sensitivity of SOCE activation by the
agonist. Knock down of endogenous STIM2 did not affect CCh-induced intra-
cellular Ca2þ release but changed the pattern [Ca2þ]i signals due to SOCE. Sus-
tained elevations in cells were changed to an oscillatory pattern with loss of
STIM2 whereas SOCE-dependent [Ca2þ]i signals were abolished with
STIM1 knock down. Further, STIM2 was required for clustering STIM1 in
ER-PM junctional domains at physiological [CCh], where there is relative
less depletion of internal Ca2þ stores. Further analysis revealed critical regions
in STIM2 that determine its interaction with STIM1 and attenuate agonist-
activation of SOCE. Together, our data demonstrate that STIM2 has a critical
role in SOCE and agonist-stimulated Ca2þ signaling, as it escorts STIM1 to the
ER-PM junctional domains where STIM1-Orai1 channels are assembled.
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Lorena de Souza, Timothy Lockwich, Hwei Ling Ong, Kwong Tai Cheng,
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Store-operated calcium entry (SOCE) is a critical Ca2þ entry and is activated
by ER-Ca2þ store depletion while refilling the stores leads inactivation of the
process. STIM1 is the main Ca2þ sensor protein in the ER that responds to
store depletion, aggregates and translocates to ER-PM junctional domains,
where it interacts with, and activates, the channels mediating SOCE, such
as Orai1. However, little is known about other proteins that interact with
STIM1 to facilitate the regulation of SOCE. In this study, we identified 155
specific STIM1 binding partners using a shotgun proteomic approach on
STIM1 immunoprecipitated complex from HSG cell lysates. In order to deter-
mine quantitative changes in the STIM1 proteome during stimulation status,
mixtures of lysates from control cells and stimulated cells with Tg were
analyzed using a SILAC (Stable Isotope Labeling by Amino acids in Cell
culture) approach. Our analysis reveal several interesting changes in the
STIM1 proteome upon stimulation. As a result of the SILAC findings, we
found that cytoskeletal interacting/remodeling proteins such as CDC42,
ARP2, N-WASP, and zyxin interact with STIM1 and Orai1. In addition to
inducing changes in cell morphology and actin cytoskeleton, some of these
also significantly impact SOCE. Together, our data suggest that cytoskeletal
remodeling has an important role in the assembly of the Orai1-STIM1 com-
plex and regulation of SOCE.
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A Novel STIM2 Splice Variant Functions as a Break for STIM Mediated
Activation of Orai Calcium Channels
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Ca2þ signaling depends on a tight regulation of the intracellular Ca2þ concentra-
tion. Alterations in basal Ca2þ can lead to various diseases and likely contribute
to development of abnormal growth. Different regulators such as calmodulin
and Ca2þ pumps limit cytosolic [Ca2þ] and their down-regulation by siRNA
lead to an increased basal [Ca2þ]. Another important regulator is the stromal
interactionmolecule 2 (STIM2) that shows a reduction in basal [Ca2þ] following
knock down. The two known isoforms of STIM, STIM1 and STIM2, are ER resi-dent membrane proteins which sense the Ca2þ content of the ER via their
luminal EF-hands. After partial or complete store depletion STIM-proteins mul-
timerize and trigger store-operated calcium entry (SOCE) by directly gating
Orai channels localized at the plasma membrane. Here, we report the identifica-
tion and characterization of a novel STIM2 splice variant, named STIM2.1,
which differs in a single additional exon consisting of only 8 amino acids located
within the STIM2 channel activating domain (CAD).We show the novel variant
STIM2.1 is present in a variety of primary cells and cell lines although its rela-
tive expression varies in regard to the known variant (STIM2.2) and depends on
the activation state and cell type. In contrast to STIM2.2, STIM2.1 is unable to
gate Orai channels. Coexpression of STIM2.1 together with STIM1 displays
reduced SOCEwhen compared to STIM2.2 coexpression. Splice variant specific
knockdown of STIM2.1 in naı¨ve human CD4þ T cells increases SOCEwhereas
specific down-regulation of STIM2.2 decreases basal calcium as well as SOCE,
suggesting that STIM2.1 acts as a negative regulator of STIM mediated SOCE.
Biochemical experiments are being conducted to delineate the functional defects
of STIM2.1.
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The small molecule, 2-aminoethoxydiphenyl borane (2-APB) has complex
effects on store-operated Ca2þ entry (SOCE). Higher levels (50 mM) strongly
inhibit STIM1-miedated Orai1 channel activation. However, using the poorly
active STIM1 C-terminal domain (S1CT) 235-685), 50 mM 2-APB greatly
enhances binding to and activation of Orai1 channels. We assessed which parts
of the Orai1 channel were required for this coupling interaction. Using the Orai1
C-terminal truncation of Orai1 (removal of residues 267-301), 50 mM 2-APB
caused neither binding between S1CT and truncated Orai1 nor Ca2þ entry.
We replaced the missing Orai1 C-terminus with the FKBP-rapamycin binding
(FRB) domain of the mTOR protein, and added the 12-kDa FK506- and
rapamycin-binding protein (FKBP12) to the carboxyl end of S1CT. There was
noCa2þ entry evenwhenS1CTand truncatedOrai1(1-266)were physically teth-
ered through rapamycin-induced FRB/FKBP12 interactions. However, the addi-
tion of 2-APB now recovered full Ca2þ entry. Thus, the C-terminus of Orai1
(267-301) is not specifically required and can be substituted by a simple binding
interaction between FRB/FKBP12. We also revealed using FRET and fluores-
cence imaging, that the 267-301 C-terminus of Orai1 attached to the CFP-
tagged PM-localization construct, was alone sufficient to trap S1CT upon the
addition of 50 mM 2-APB. Finally, we identified a single residue (Leu-79) in
the N-terminus of Orai1 that is critical for the effects of 2-APB on SOCE. The
L79N Orai1 mutant completely abolished the activation effect of 50 mM
2-APB on S1CT, but only partially prevented the action of store-induced
STIM1activation ofOrai1.Our data provide new insights into our understanding
of 2-APP-induced activation of STIM1/Orai1 coupling.
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Channels from the Transient Receptor Potential (TRP) family are involved in
changes in intracellular calcium concentration. TRPM8 is a member of this
family expressed in different tissues that participates in the activation of
signaling cascades involved in thermosensation and proliferation. Recent
studies have shown that changes in intracellular calcium concentration are
associated with proliferation and differentiation of mesenchymal stem cells
(MSC). However, it is unknown whether TRPM8 channels are expressed in
MSC and if modulation of these channels affects the proliferation and differen-
tiation of this kind of cells. The expression of TRPM8 channels was evaluated
in adipose-derived human mesenchymal stem cells that have been deeply
studied due to its potential in regenerative medicine. The results obtained by
RT-PCR, western blot and flow cytometry showed the presence of TRPM8
transcript and protein in adipose-derived human mesenchymal stem cells.
Additionally, it was found that regulation of the TRPM8 activity by menthol
although does not affect cell viability, it decreases the differentiation of
MSC to adipocytes. These results strongly suggest that TRPM8 channels partic-
ipate in the regulation of mesenchymal stem cells differentiation. Supported by
Pontificia Universidad Javeriana, Grant ID 3937.
